ABSTRACT
INTRODUCTION
Loss of heterozygosity (LOH) is an important phenomenon in tumor development, with diagnostic and prognostic relevance. Therefore, screening for LOH is a desirable first step in the molecular analysis of tumors. In this study, we investigated LOH of microsatellite regions, as frequent LOH at a particular locus is widely assumed to imply the existence of tumor suppressor genes at that or a nearby locus. Previous studies involving the investigation of microsatellites using polyacrylamide gel electrophoresis (PAGE) and autoradiography encountered technical difficulties with both electrophoretic resolution and detection and, hence, the subsequent analysis of results. The nature of this type of work is also slow and cumbersome. Also, in addition to the alleles of interest, "stutter" or "spurious" bands arise, creating ambiguity in the interpretation of results. This phenomenon has also been observed when samples are analyzed on the ABI P RISM ™ Genetic Analyzer (Perkin Elmer Limited, Beaconsfield, UK). However, this method of analysis has powerful applications and is widely accepted as the method of choice for microsatellite analysis (2, 3) . A recent study detailing the direct labeling of the PCR product by incorporating fluorescent dUTP or dCTP to analyze di-, tri,-and tetranucleotide markers encountered major difficulties with dinucleotide markers. In the case of direct (F)-dNTP incorporation, half of the cases resulted in an uninterpretable pattern. When a two-step fluorescence labeling method was used, 20% of samples were not interpretable (6) . We investigated precast Spreadex ™ gels (Elchrom Scientific AG, Cham, Switzerland) to ascertain if the resolution of dinucleotide microsatellite alleles could be clearly determined. Spreadex gels are made by free radical polymerization. The gel polymers are arranged in a unique 3-D structure, in which they provide increased resistance to the migrating DNA molecules in accordance with theoretical considerations on gel electrophoresis (1, 7, 8) . The Spreadex gels are characterized by an exclusion limit such that DNA fragments with sizes above the specific limit are prevented from migrating into the gel. We employed Spreadex EL300 gels that allow the optimum separation of DNA fragments within the size range of 50-200 bp to analyze dinucleotide repeats in the size range of 125-137 bp. Gels were stained (postelectrophoresis) with SYBR ® Green I nucleic acid stain (Molecular Probes Europe BV, Leiden, The Netherlands). This stain exhibits exceptional affinity for DNA and was reported to be capable of detecting less than 20 pg dsDNA in a single band (Molecular Probes Product Information Sheet). This approach that we present is well suited for large-scale analysis. It also represents a less expensive means of LOH analysis for laboratories where the ABI P RISM Genetic Analyzer is unavailable.
MATERIALS AND METHODS
Postsurgically removed samples were immediately frozen in liquid nitrogen and were stored at -20°C until used. A total of 62 patients' matched tumor and normal samples were considered for this study, which were obtained from the Department of Surgery, Mercy Hospital, Cork, Ireland. Following an overnight homogenization in the presence of proteinase K (Roche Molecular Biochemicals, Mannheim, Germany), genomic DNA was extracted using reagents from the Puregene DNA isolation kit (Flowgen Instruments, Lichfield, UK). Integrity of DNA was assessed on 1% agarose gels (Life Technologies, Paisley, UK), and DNA was quantitated spectrophotometrically (Gene Quant II ™; Amersham Pharmacia Biotech, Little Chalfont, Bucks, UK). DNA (100 ng) was used as template in a 50-µ L PCR volume in the presence of the following reagents: dCTP, dGTP, dUTP, dATP (10 mM) (Roche Molecular Biochemicals), 1 U Taq DNA polymerase, 1.5 µ L 50 mM MgCl 2 , 10 ×NH 4 reaction buffer (these three from Bioline UK, London, UK), 150 ng HPLC-purified primers (Genosys Biotechnologies, UK). The following PCR conditions were employed: 1 cycle of 2 min at 96°C, followed by 30 cycles of 1 min at 96°C, 1 min at 54°C, and 1 min at 72°C. The primer sequences were as follows: 5 ′ -GCAGGACAT -GAGATGACTG-3 ′ and 5 ′ -GGGAGT -GGCATAACACTG-3 ′ to amplify the dinucleotide repeat D7S522 on chromosome 7q31.1. The resultant PCR products were mixed with loading buffer (Elchrom Scientific AG, Cham, Switzerland) and resolved on high-resolution wide mini EL300 S-26 Spread -ex gels (25.7 ×9.2 ×0.3 cm; Elchrom Scientific), for 3 h at 120 V and 600 mA. Electrophoresis was performed in the SEA2000 unit (Elchrom Scientific). Ionic composition of the gels has been optimized to give sharp bands with 30 mM TAE as the running buffer (Elchrom Scientific). This is a 0.75 dilution of the standard Sambrook TAE buffer (12) . The gels were then stained using 1:1 0 000 dilution of stock 1 0 000 ×SYBR Green I nucleic acid stain (Molecular Probes Europe BV, Leiden, The Netherlands) using TAE (30 mM Tris-acetate, 1 mM EDTA, pH 8.0) buffer. For optimal sensitivity, it was verified that the staining solution was pH 8.0 (Molecular Probes Product Information Sheet). The stained gels were viewed using UV illumination of 254 nm and SYBR Green gel stain photographic filter (Molecular Probes). LOH was judged by eye and was confirmed using densitometry analysis (Phoretics ID Advanced software; UVP, Cambridge, UK) when a band in the tumor DNA was shown to be less than or equal to 50% the intensity of the corresponding band in the normal DNA.
Capillary Array Electrophoresis
Capillary electrophoresis was performed using the model 310 Genetic Analyzer (hardware) (Applied Biosystems, Foster City, CA, USA). The primer sequences described previously were employed, and PCR was performed as described above, except that the fluorescent tag, HEX (6 carboxy 2 ′ 4 ′ 7 ′ 47 hexachloro-fluorescein) (Applied Biosystems), was added to the 5 ′ of the forward primer. One microliter of PCR product was mixed with 12 µ L formamide (Sigma-Aldrich Ireland, Dublin, Ireland) and 0.5 µ L GeneScan ® 500 TAMRA (NN′ N′ tetramethy 6 carboxy rhodamine) standard (Applied Biosystems) Following heating to 96°C for 3 min and cooling on ice, denatured samples were analyzed using Performance Optimized Polymer 4 (POP4) (Applied Biosystems). Electrophoretic runs were performed at 60°C. Results were interpreted using GeneScan version 2.01 software. Peak sizes were normalized using a genetic reference standard, 
standard (CEPH) (4). Calculations to determine LOH were performed as outlined by Cackwell et al. (3).

RESULTS AND DISCUSSION
In this study, we investigated the detection of LOH of microsatellite dinucleotide repeats using a combination of Spreadex electrophoresis and SYBR Green I staining. As a comparison, the same samples were analyzed using a combination of ABI P RISMGenetic Analyzer 310 and GeneScan software (3). Interpretable results were achieved in all cases, and we showed that all samples that were LOH positive using the Spreadex method were also LOH positive using ABI P RISM /GeneScan analyses. This represents a significant finding. Preliminary experiments involved the separation of PCR-generated products using Metaphor agarose (Flowgen Instruments), and the required resolution was not attained. Photographs of Spreadex gels are shown in Figure 1 . Ethidium bromide staining has been employed in other studies to detect microsatellites (5,10). We observed that the sensitivity of SYBR Green vastly superceeded that of ethidium bromide (data not shown). We also observed that a greater sensitivity was achieved using UV illumination of 254 nm as opposed to the conventional 312 nm employed for ethidium bromide stained gels (data not shown). Spreadex gels showing LOH (Figure 1 , panels b1 and c1) and corresponding Genetic Analyzer electropherograms (Figure 1 , panels c2 and c3) are shown. There is excellent correlation between the two profiles, suggesting that excellent resolution is attainable using Spreadex gels. Values for peak area are also indicated in Figure 1 . Allele ratios were generated in the case of patient 963, and it was shown that the tumor:normal ratio was 0.50. We assigned a ratio of less than or equal to 0.50 to be indicative of loss, as described by Cackwell et al. (3) . We also performed calculations as outlined by Canzian et al. (2) , and this generated a tumor:normal ratio of 0.50 for the same GeneScan -generated data. Den - . It was not necessary to generate allele ratios in the case of patient 947, as it is evident from the gel and electropherograms that the upper allele has been completely lost in the tumor sample. To minimize the presence of stutter bands, it was decided to omit a final extension step at 72°C in the PCR to limit addition of extra "A" by TaqDNA polymerase (6). In the case of ABI P RISM -generated data, it was necessary to normalize peak sizes using the CEPH standard (4), and the corrected peak (allele) sizes are indicated in Figure 1 , panels b3 and c3. It has been reported that highly accurate sizing results are obtained using capillary array electrophoresis (CAE) data when DNA reference standards, such as CEPH control DNA, is used to normalize genetic typing results (11). The GeneScan-generated peak size values, following CEPH normalization, are analogous to those observed directly on Spreadex gels. Also, it is significant that resolution to 1 bp was attained using Spreadex electrophoresis. A previous gel-based detection system used to detect microsatellite repeats achieved a resolution to 4 bp (9). Electrophoresis was performed in a submerged electrophoresis unit that allows the control of buffer flow, voltage, and temperature. Multiple runs were performed, and careful control of electrophoresis conditions ensured that DNA fragments always migrated the same distance (Figure 1a) . High-resolution electrophoresis (of up to 50 samples on one Spreadex gel) was rapidly completed in 3 h at 55°C, compared to the 26 min involved in the analysis of each sample using the ABI P RISM . We present a technique with results that equal that of the ABI P RISMGenetic Analyzer and GeneScan combination. It avoids the hazard of working with radioactivity and does not require DNA denaturation conditions. This approach may be suited for economical, small-scale, or large-scale microsatellite analysis in laboratories where the ABI P RISM310 Genetic Analyzer is unavailable. 
